sheltered bay near many of the offshore tracts leased for petroleum exploration in the 1976 northern Gulf of Alaska OCS (Outer Continental Shelf) lease sale.
Consequently, it has been selected as a primary onshore staging site for the support of offshore exploration and development. The environment of Icy Bay has many potentially hazardous features, including a submarine moraine at the bay mouth and actively calving glaciers at the bay's head which produce many icebergs. But most significant from the point of view of locating onshore facilities and pipeline corridors are the high rates of shoreline erosion and sediment deposition. If pipelines or any onshore staging facilities are to be placed in the coastal areas of Icy Bay, then the dynamic changes in shoreline position must be considered so that man-made structures will not be eroded away or be silted in before the completion of development-JNTRODUCTION The shoreline, the transition between the Earth's two major environments, the marine and the terrestrial, is the single most dynamic area on the earth's surface. The development of resources in the beach environment and the inner continental shelf, the transportation of resources collected offshore to onshore treatment facilities, and the marine shipment of processed resources to consumers are all subject to interaction from shoreline processes. The beach system is in dynamic equilibrium with continually changing local conditions. Onshore structures, pipelines that cross the beach zone, and offshore drilling platforms, all must be designed not only to withstand seasonal changes but also aperiodic severe storms and slow continuous changes throughout the life of the entire resourcedevelopment operation.
Numerous physical processes in the coastal zone can have an impact on efforts to develop resources. Some, such as storm concentration of heavy metals as erosional lags can simplify efforts to procure precious metals. Others, such as storm surge or tsunamis, can greatly hamper or curtail attempts at resource development. Because of the unpredictability of processes in the coastal zone, a knowledge of the variety of processes that can affect the shoreline must be gained and caution must be exercised in site selection before any structures, developments or facilities are emplaced in the shore region.
In the Gulf of Alaska, a region intensely studied by the U.S. Geological Survey, areas such as Icy Bay (Molnia, 1977) show rapid shoreline retreat (***4 km in 50 yr) and spit growth (^6 km in 50 yr). Deposition of over 7 3 10 m /yr of sediment may render unusable Moraine Harbor, an area strongly considered as an onshore staging site. Other processes in Alaska and other highlatitude areas that affect the location of resource development sites include rapid breakout and draining of glacier lakes, icebergs, shore-fast ice, ice gouging, permafrost, and glacier advances.
In addition to the high-latitude processes, the coast of Alaska is subject to tsunamis, storm surge, seismicity and its related problems, longshore currents that could cause erosion or deposition, and harbor shoaling.
Many coastal areas are subject to tidal currents and extreme tidal ranges, mass movement, and volcanic activity. This paper briefly discusses the processes that affect the coastal areas of Alaska and cites an example from Icy Bay, Alaska.
COASTAL PROCESSES
Processes that affect the coastline of Alaska can be divided into two major categories: (1) Processes that occur worldwide, but may have special effects in the coastal zone; and (2) Processes unique to the coastal zone.
Examples are given in Tables 1 and 2. Ubiquitous processes can be further subdivided on the basis of whether the process is active or passive. For instance, the presence of permafrost in the coastal zone by itself does not alter the characteristics of the coastal area where it exists. However, a poorly designed resource development operation can significantly change that coastal area by causing melting of the permafrost.
On the other hand, even the most carefully designed resource development operation cannot always stave off the effects of volcanic eruptions, large-magnitude earthquakes, or high-discharge flooding. Active processes must be anticipated in the design of the development site, but their magnitudes and frequencies cannot always be predicted. Passive processes generally preexist in a particular area and can sometimes be avoided in site selection. The effect of the development on these processes can often be mitigated by careful planning and design. (Fig. 2) . Other plans include housing, fuel storage areas, warehouses, water storage and supply, power generation facilities, a sewage treatment site, and an 1800 m (6,000 ft.) airstrip capable of handling jet traffic. Cecil Barnes, the president of Chugach Natives, Inc., is quoted in the July 21, 1976 "Alaska Scouting Service Report" as envisioning a new town at Icy Bay that could have a population of 2,500 in 7 to 10 years. Bomhoff and Associates, Inc., an Anchorage engineering firm, has prepared a feasibility study that was submitted to the State of Alaska in November, 1976.
In 1974, the U.S. Geological Survey began investigating shoreline erosion as one of many potential hazards that might complicate or adversely affect normal petroleum operations (Molnia and others, 1976) . Icy Bay, because of its recent dynamic history, was one area selected for detailed evaluation.
HISTORY OF ICY BAY
As recently as 1904, today's Icy Bay did not exist. In 1974, when the explorer Vancouver surveyed the Gulf of Alaska coast, a large lobe of the Malaspina Glacier system, Guyot Glacier, extended several kilometers out to sea, occupying the area of present-day Icy Bay. A second bay, now filled in by glacial, glacio-fluvial and glacial marine deposits, located east of Icy Bay in the present Malaspina Foreland (Fig. 2) , was open at that time.
Vancouver named the eastern tip of the bay Point Riou. The infilling of this second bay (referred to as Vancouver's Icy Bay by Alpha, 1975 (Fig. 2) at the mouth of Icy Bay marks the limit of this advance. The moraine is thought to date from between 1904 and 1909 (Tarr and Martin, 1914) . Ice retreat, which began prior to 1910, has continued to the present, (Fig. 3) .
with
After ice retreat began, and probably prior to 1910, longshore sediment transport began building a spit complex on the east shore of Icy Bay at the point where it meets the Gulf of Alaska. The spit, today called Point Riou Spit (Fig, 2) , has continued to develop to the present time. (The modern Point Ricu is not the same point named by Vancouver.) As the spit complex has grown, it has hooked to the northeast and isolated a portion of Icy Bay between it and the Malaspina Foreland. This body of water is known as Riou Bay. (Fig 2) .
CHANGES AT ICY BAY
The development of the Point Riou area was evaluated fron; vertical and oblique aerial photographs, U.S.G.S. topographic maps, and from National Oceanic The sediment being added to Point Riou spit comes from two sources, the eroding Malaspina Foreland and the streams draining the Malaspina Glacier system. Sediment is transported into the Point Riou system by longshore drift and wave action.
EFFECTS OF SHORELINE CHANGES AND SPIT GROWTH ON PROPOSED DEVELOPMENT
The sediment transport schemes for the eastern shore of Icy Bay can be characterized as: (1) Island and enter Moraine Harbor, the major site for proposed development (Fig. 6) . Island, the increase in sediment would affect moorage sites for tankers and platforms and also loading and unloading areas for other marine traffic.
CASE HISTORY -SUMMARY
The preceding example shows how the interaction of many different coastal processes had produced a situation in which a proposed development would be rendered useless long before it had fulfilled the function for which it was designed. The interaction of weather and climate, glacial advances and retreats, erosion, deposition, longshore transport, and storm surge and tidal processes has shaped the long-term changes at Icy Bay., The record is readable here as it is at many other sites. Because of the dynamic nature of the coastal zone, an effort must be made to read the coastal history record and achieve an unders'tending of the processes active at each site being considered for resource development. Otherwise, selection of sites similar to Moraine Harbor may occur elsewhere. Fortuitously for the developers of Moraine Harbor, while they were obtaining additional geologic data before beginning construction> exploratory offshore drilling failed to find developable petroleum reserves. Consequently, development at Moraine Harbor has been curtailed, at least for the present time.
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The future of development is uncertain, but the action of coastal processes will continue. 1922, 1941, 1957 and 1975 The size and location of Severed Bar in 1976 are also shown. Shoreline positions are based on aerial photographs and nautical charts. (Molnia, 1977) . 
